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This Thesis is an attempt to sumarize the research conducted 
during the period June 1954~June 1955, under the research fellowship 
established in the Department of Chemistry at Union College by the 
North American Cement Corporation in 1948. 
The research was performed under the direction of Professor 
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ABSTRACT 
First, hydration tests were made on cement samples containing 
various percentages of Sodium Methyl Siliconate and Sodium Silicate. 
It was decided that it would be easier to determine what 
effect an additive would have upon concrete, if concrete blocks 
were actually made. Therefore, many blocks were made containing 
different amounts of various additives. 
Some of the concrete blocks were cut into cubes and slabs. 
'I'he cubes were tested for their compressive strength. The slabs 
were tested for their resistance to corrosion from hydrochloric, 
acetic, and lactic acids. Some slabs were coated with certain substances 
to see if the coatings would offer more resistance to the 
acids. 
Portions of concrete blocks were formed and allowed to 
harden before more concrete was added to the surface. This 
was done with the intent of testing the strength of the joining 
of the two surfaces. 
.. 
HISTORICAL 
The addition of water to cement causes a series of reactions, 
the explanation of which have been sought for many years. 
Two theories which attempt these explanations are those of 
Le Chatlier(7knd Michaelis.{9) 
The Crystallization 'Iheory of Le Chatlier is well known. 
He believed that setting and hardening of cements are due to: (0) 
l~ The solution in water of an anhydrous or 
but partially hydrated salt. 
2. Reaction of the dissolved saJ. t with water, 
to form a higher hydrate. 
3. The precipitation of this hydrate due to its lower 
solubility and consequent development of 
a supersaturated solution. 
4. The formation of very small but elongated 
crystals during precipitation which fa.vors 
interlacement and large contact surface. 
5. The specific properties of high cohesive and 
adhesive qualities on the part of the precipitated 
crystals. 
Michelis conducted experiments for more than 45 years whbh 
developed into a theory that the hardening of cements was due 
almose exclusively to the formation of colloidal hydration 
products. 
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The colloid theory may be summarized as follows:(3) 
The action of water on cement brings about two types 
of reaction. First the solution of lime, aluminates, sulfates 
and other compounds in the cement. From this solution there 
are precipitated various crystalline products, as calcium 
aluminates, calcium sulfoalwninates, and calcium hydroxide. 
This gives a material possessing some strength but not at all 
resistant to further disintegrating action of the water. As 
soon as the limewater has reached a definite concentration it 
acts on the calcium-- impoverished silicates and forms the 
hydrated calcium silicate. Because of the low solubility of 
the silicate it forms a gel which fills the pores of the 
cement and makes the latter impermeable to water. The gel 
is soft, but the inner mass of the cement grains eagerly 
withdraws the water from the gel and in that way the surface 
becomes hard. The great strength and water resistance of the 
cement are thus explained as due almost entirely to this gel 
formation and its drying out by the inner suction of the 
cement grains. 
As a result of an analysis of various theories, Meyer, 
in 1901(8) gave the following conclusions as the most compatible 
with the experimental information then available: (4) 
1. The initial set is caused by the hydration and 
crystallization of the calcium aluminate. 
4 
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2. The final set is caused by the beginning of the 
decomposition of the tricalcium silicate. The 
tricalcium silicate also contributes to the major 
part of the strength. 
3. Hardening is caused by: 
A) Continuation of the deccw~osition of the 
tricalcium silicate, 
B) Crystalli~ation of hydrated dicalcium silicate, 
C) Slow transformation of hydrated dicalcium 
silicate into anhydrous calcium silicate and lime. 
Cement and concrete (cement with sand and/or gravel added) 
when set, are porous and contain some small voids. If a drop of 
water is placed on a dry concrete block, one notices that the 
water is adsorbed by the concrete. This shows that the water 
may penetrate concrete and the possibility of corrosion is 
present. Since cement is basic in nature, it is also subject 
to corrosion by acids. The surface of cement contains many 
irregularities (peaks and pits) which add to the total surface 
area which may come in contact with an acid. 
If a cement could be developed which would be completely 
resistant to the action of water or acid, there would be a ready 
commercial market for it. An acid repellent concrete could be used 
for barn floors on dairy farms. Here the action of organic acids 
corrodes floors. Water repellent concrete could be used for 
building roads, walls, etc. Slippery roads could be eliminated if 
the concrete could shed the water. 
5 .. 
Coatings of various bituminous materials have been placed on the 
surface of concrete to make it water repellent. Silicone 
coatings have also been developed which will shed water. 
These and other products, while they may give good 
characteristics to concrete, must be added to the concrete after 
it has set. Cement companies are looking for an additive 
which can be interground with the cement before it leaves 
the factory. This additive must not destroy the hydration 
of the cement or impair the crystallizations of the aluminates, 
silicates, etc. It must not seriously decrease the strength of 
the concrete, nor may it lengthen too seriously, the setting of 
the concrete. 
It was believed that by adding sodium methyl siliconate, 
it would impart water repellent characteristics to the concrete. 
The sodium atoms might be able to anchor thamselves into the 
cement. This would allow the methyl groups to be free to 
repel the water. 
No tests were made to determine if the concrete prepared 
was water repellent. Rather, the concrete was tested to see if 
it was acid repellent. It was reasoned that if the concrete was 
acid repellent, it would also be water repellente 
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GENERAL INTRODUCTION 
For simplicity, this thesis has been divided into five parts. 
Part I deals with the hydration or Portland cement containing 
certain additives. Hydration tests were made using varying percentages 
of sodium methyl siliconate and sodium silicate. Brown(5) first 
made hydration tests in 1950, to determine the effect of certain 
electrolytes and non-electrolytes upon the setting of cement. 
Part II deals with the Preparation of concrete blocks. Various 
additives were added to the concrete, to see if these additives 
could be incorporated into the concrete; to test strength of 
blocks containing these additives; and to provide concrete 
slabs for testing their resistance to corrosion from various acids. 
Part III is devoted to the p4~paration of the concrete 
slabs for acid tests and to the results of the acid tests. 
Part IV deals with acid tests upon concrete blocks which have 
been coated with various substances. 
Part V discusses the joining of concrete blocks. If an 
additive gave concrete certain desirable properties such as 
resistance to acid or water, but was too expensive to use in large 
a.mounts, then this concrete might be placed on top of a base of 
regular concrete. 
7 ,, 
Part I HYDRATION OF PORTLJUID CENENT 
ABSTRACT 
The effects of Sodium Silicate and Sodium Methyl Siliconate, 
upon the hydration of Portland cement were studied using Brown's method.(.~~ 
4.00 grams of cement were placed in a mixing vessel with 6.00 
milliliters of water containing various percentages of one of the additives. 
SODIUM SILICATE. The addition of sodium silicate did not accelerate 
the hydration of the cement to any great degree. The max:i.rnum hydration 
was not greater than 8 percent above the maximum hydration using water 
only. In all cases the maximum hydration occurred after the same time 
of mixing. 
SODIUM METHYL SILICONATE The addition of sodium methyl siliconate 
had various effects upon the hydration of cement. Higher percentages 
of the additive caused the cement to hydrate rapidly while lower a.mounts 
caused a delay in the hydration. 
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APPARATUS 
A method developed by o. E. Brown ((6 )was used to measure the, 
change in volume of cement during ,hydration. According to Brown's method,, 
a wheel twelve inches in diameter was mounted vertica]4r on a steel 
bar held in place by means of two clamp holders attached to ring stands. 
A pulley welded to the wheel was driven by means of a belt of raw 
bide cord from another pulley which was connected to an electric motor. 
The speed of the electric motor and hence the speed of the wheel 
could be regulated through a variable resistance connected in the 
circuit. The velocity of the mixing wheel was maintained at a 
constant velocity of 60 revolutions per minute during all runs. 
The containers for the cement water mixtures were stoppered 
10 mililiter cylinders from which the bases had been removed. These 
were held in place on the wheel by means of spring clamps. The 
volumes of the graduated cylinders had to be corrected in order to 
allow the readings to be consistent. 
12 such cylinders were attached to the wheel at once and so 
placed that the wheel was in balance. 
In order to determine how much hydration had taken place,, the 
cement bad to be sedimented to the bottom of the graduated cylinders. 
This was done through use of a hand centrifuge capable of holding 
2 cylinders at a time. The cement was sedimented into the bottom 
of the cylinders by being rotated at a rate of 1200 revolutions per 
minute for a period of' one minute. After the volume readings 
0 
were taken, the sample was shaken by rand until the cement was loo send 
from the bottom of the tube. The sample was again placed on the mixing 
wheel and mixed until the next time of measurement. 
The readings which were taken at convenient time intervals and 
plotted, are to follow. 
Several control samples were run to determine what the effect 
of pure water with no additives upon the cement would be. 
I 'Will describe the proceedure used for the control sample which 
is the same for a11 the runs that were made. 
1. 4.00 grams of regular Portland cement were placed in 
each of two graduated cylinders A and B. These were 
corked tightly to prevent any absorption of water. 
2. 6.00 mililiters of pure water was placed into cylinder 
A, shaken by hand until throughly mixed, stoppered, and 
then placed on the mixing wheel. 
). The wheel was revolved at the rate of 60 revolutions per 
minute. 
The cylinder was removed at certain intervals, which 
were every 15 minutes for the first 3 hours, every half 
hour for next 5 hours and then every 2 hours for next 
40 hours. This was true for all samples which hydrated 
more quickly than plain water and cement. For all 
samples which hydrated more slowly than the control 
sample the intervals were, every half hour for the 
first 8 hours and then every 2 hours for the next 40 
hours. They were then rotated in the centrifuge for 
10 
exactly one m.inute,, The volume was read, and then the cement in 
the cylinder was shaken loose,, The sample was then placed on the 
wheel for further mi:xing. 
4. Cylinder B containing 4.00 grams of cement and 6,,00 mililiters or 
water was placed on the wheel 8 hours after the start of cylinder A. 
This enabled one to obtain continuous readings for 4S hours with 
the exception of 6 hours each day. 
5. A graph was obtained by plotting the volume readings versus time. 
The data for the control, one sample containing sodium silicate 
and one sample containing sodium methyl siliconate, will be shown. 
The graphs plotted from the data are enclosed and show sufficiently" 
the effects of the additives. 
ll .. 
EXPERIMENTAL RESULTS 
The following table shows the effect of each of the additives 
used, namely Sodium Silicate and Sodium Methyl Siliconate. The water 
used in each case was a .5% solution by volume of the additiveo 
Table #l Change In Volume of Cement 
mm VOLUME OF CE14:ENT1 
Sodium Sodium Methyl 
Hours Minutes Water Silicate Siliconate 
0 15 3.20 3.30 
0 .30 3.20 3 .. 60 3.30 
0 45 3.25 3.30 
l 0 3.25 3,.50 3 • .30 
l 15 3e20 3.25 
l 30 3.20 J.50 3.20 
l· 45 3.20 3.25 
2 0 3.20 3.~o 3.25 
2 15 3o20 3.25 
2 30 3.20 3.50 3 .. 25 
2 45 3.20 J • .30 
3 0 3.30 3.50 3.35 
33 30 3.30 3.35 
4 0 3.40 3.60 3.30 
4 30 3.40 3 .. 60 3 • .30 
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Table #1 Change In Volume Of Cement 
'I'IME VOLUME OF CEMENT 
Hours Minutes Water Sodium .:3odium. Methyl Silicate Siliconate 
5 0 3.40 3.60 3.30 
5 .30 3.50 3o60 3.30 
6 0 3.60 3.70 3.30 
6 30 .3.60 3.80 3 • .30 
7 0 3.80 3.80 3.35 
7 30 J.80 3.80 3.40 
8 0 3.80 3.40 
16 0 4.70 5.70 3.40 
18 0 4.'30 5.60 3.45 
20 0 4.80 5.70 3.55 
22 0 5.60 5.70 J.40 
24 0 5.60 5.70 3.40 
26 0 5.60 5.50 5 • .30 
28 0 5.50 5.50 5.85 
30 0 5.55 5.50 6.00 
32 0 5.40 6.00 
40 0 5.50 5.60 5.20 
42 0 5.60 5.70 5.40 
44 0 5.60 5.60 5.J"-0 
46 0 5.70 5.70 5.40 
48 0 5.so 5.70 5.50 
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HYDRATION OF PORTLAND CE1Y1ENT 
'I'he tables on pages 11 and 12 and figure I show the effect of 
.5% solutions of sodium methyl siliconate and sodium silicate 
upon the volume change of cement. 
'Ihe dilute solutions of sodium methyl siliconate definately 
retards the hydration of the cemente The dilute sodium silicate 
solution appears to accelerate the hydration of cement. 
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EFFECT OF SODIUM METHYL SILICONA'IE 
Figure 2 on page 16 shows graphically the effect of the higher 
percentages of sodium methyl siliconate upon the hydration of cement. 
These higher amounts of additive cause the cement to hydrate 
more quickly. In some cases, the total hydration was so great, that 
there was not enough water left in the mixing tube after 30 hours, 
to prevent setting of the cement. 
16 
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EFFECT OF SODIUM METHYL SILICONA'IE 
Figure 3 on page 1$ shows in graphical form the effect of 
lower percentages of the additive upon the hydration of cement. 
These amounts of additive hinder the rate of hydration for 
long periods of time. The cement samples do not hydrate rapidly 
until after 22-25 hours of .mixing. 
The cement samples reached a maximum volume and then began 
to show a diminishing change of volume. This was probably an effect 
of the setting of the cement. A small amount of water (2-3 ml.) was 
added to the sample containing .9 percent sodium methyl siliconate. 
This extra water prevented the setting of cement and allowed it to 
hydrate to a new maximum. The volume again decreased because of the 
setting action. 
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EFFECT OF SODIUM METHYL SILICONATE 
Figure 4 on page 20 shows the effect of the lower percentages of 
sodium methyl siliconate upon the hydration of cement. 
These amounts of additive hinder the rate of hydration for 
long periods of time. This means that if concrete were to be made containing 
sodium methyl siliconate in small percentages, it would take a long time 
for the concrete to harden. 
+ H 
L l ~+- • 
+ 
_,_ 
-r- 
'-·I· 
t+·H•-H+++H+· < tit '1~ tr 
. .J ,j..!-,j.4-1+. ·.l..jH4.J-1 
+ 
+ 
.. 11~·1 .. t:!:!tr 
·' :t ..... - ' 
-t- - T 
+ 
+ 
·i:tt 
!-'~ ~ .il.J 
... - ·I-. 
t! :+1-r;: -+' 
-r 
t+ I. :t8 -,lt-1-i-H+iH+I 
I 
'»; -'- + 
&I+ .. .( 
. .J 
-r- 
.. r 
. + 
-r-r + 
. ~- 
.+j. 
1" t-1- + ~: •. j~. 
- -t-t' :h- 
1.+.. ..,.,..,. 
~1:+ 
Jt 
~ ~~l · 
. t.r! t;t;.+ ~- 
. ,.; 
0 
.r; r- 
..;..1 -~ . 
-+..-. 
'l).j: 
-r. + 
l.J..1..1.+.;+++:i+l~f 
~ -r ·H1 ·· 
+ 
.., 
t- - .+ 
++ 
-i- ;+ 
t r 
.:t- 
.!J LJn 10 A 
-W.:-:±ttitt±:H:~r:-:-'-trrrtl:-!-:t±~±:±!il±iri-H:i±h-tH+t-:-"T+Fr:..;:;::;:.::Rf.t.P=~;µ;;.;:.µ:::::.;:+~-0 .:r- 
' 
r·,~1 L.O dO 
• U..j. 
tt 
1 . 
t, . 
' ' Cl . 
..... ' 
I/ 
- 
I 
I . . ~ 
J_ 
II 
'.I'- 
L 1-f 
I •r 
Cl; 
Cl ~j·1: c i:L+: .. IJ. ·I-'- 
:,, - ·!" 
H- 
' 
' 
'•· 
tr : - 
-t- + 
+ 
H- 
~- .t 
+ +- 
.1 
··1· 
.... 
!.;. 
:r 
-t- ~. t:t- l:fj: 
-f;..i.- • I-·~+ 
- ·c :~:.r- Ll..J_ - ...;. 
:J 
} 
. r.J.J - 
r :.. 
.... 
+ 
-e-e- r- 
e ~ r::- +-. 
··H+ 
f+ 
...,i ., 
q:..l 
1-1 
.:j: t· 
j •• 
.u. 
'4- 
i-+ 
.I • 
£ c .. 7 
-t 
. '~ + . 
r 
l· 
+ i:r~l i+ttJH+-H+Hi-l+-l!-:'-H-i-i.f:-i-!-1 
,-l·Ht- !±£· 
:i: t. 
;.p -H 
rl 
ttr .:.+:- 
;:r.µ: '+ tn.rr:dHn 
·r -i- r._H.._,_ 
• L.. .... 't- .• -..J'.:.;. 
·t 
H• 
+- . ··t tt+tl-++'i+i-1 
-r - 
. ' 
•I" 
I 
"P: 
T}-!. ~ 
.J. -·~m 
.1., .. 
-+~ 
-1 
' 
i. i 
.... 
.I - 
.!.- ..... 
T 
·-· -t- 
. ·c 
·t 
-!- 
.+ 
-- -J 
.... - 
fi !1 
0 
N) '° '"'"> 
[P.~J .LA/ ;J w 3 ") :f o 
0 
25 
DISCUSSION 
As the samples approached a maximum volume they became viscous, 
in some casws too viscous to be mixed properly. The curves show a 
maximum after which the volumes of cement shrink. When a small 
amount of water was added to a sample, it was noted that the amount 
of shrinkage decreased, and the volume again increased. 
After the hydration tests were completed it was observed that in 
the mixtures containing over one percent sodium methyl siliconate, rough)¥ 
half of the solid material in the mixing tube was a white finelJ" 
divided mass. This white portion was lighter than the rest of the 
cement and settled at the top of the sample. This occurance happens only 
with sodium methyl siliconate. Since the light matter did not solidify 
on standing this might explain why blocks containing sodium methyl 
siliconate are much weaker than blocks not containing the additive. 
26 
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SUl~-iARY OF RESULTS OF HYDRATION TESTS. 
Table #2 shows how various amounts of additives affected the 
maximum volume of cement during hydration. 
The lower percentages of sodium methyl siliconate slowed down the 
hydration considerably. In some cases the hydration was slowed down 
as much as 14 hours. The higher percentages increased the rate and 
amount of hydration. 
The sodium silicate increased the rate and amount of 
hydration only slightly. Higher percentages of sodium silicate 
were used, but all compositions above 1% could not be mixed for more 
than 8 hours. After this time of mixing, the cement had reached a 
volume of 7.0 mililiters and was too viscous to mix properly to 
prevent the cement from hardening. 
Table #2 Maxi.mum Volume of Cement 
Sodium Time of 1st Max. In Amount of Max. 
Methyl Siliconate Hydration Curve Hydration 
Percent Hours Mililiters 
2.5 30 6.7 Could no longer mix after .30 hours. 
2.0 7 6.3 Continued to rise slightly 
6.4 over long period of time. 1 .. 25 30 Could no longer mix after 
30 hours. 
1.0 30 6.6 
.9 30 6.2 Water added rose to 6.7 
6.3 mililiters at 44 hours. .8 30 
.7 30 6.o 
.6 .32 5.7 
.5 .32 6.o 
.4 32 5.6 
27 
Table #2 Maximum Volume of Cement 
Sodium Time of 1st Max. In Amount of Max. 
Methyl Siliconate Hydration Curve Hydration 
Percent Hours Mililiters 
.3 32 5.6 
.2 30 5.9 
.l 28 5.,6 
o.o 18 5.5 Pure Water 
Sodium Silicate 
.9 18 6.o 
.8 16 6.1 
.7 16 5.9 
.6 16 6.3 
.5 16 5.s 
.4 16 6.0 
.3 18 5.6 
.2 18 6.0 
.1 16 5.6 
o.o 18 5.6 Pure Water 
28 
Part II PREPARATION OF CONCRETE BLOCKS 
METHOD 
Numerous concrete blocks were prepared to: 
1. See if certain additives could be incorporated into 
concrete. 
2. Test strength of concrete containing these additives. 
3. Provide concrete slabs for testing their resistance to 
corrosion from various acids • 
.Each block was 2 inches wide, 2 inches deep and 12 inches in 
length. The blocks were set in a steel gang mold. The mold was 
partitioned so that nine blocks could be made at a time • .Each face 
of the mold was covered lightly by a special grease made for that 
purpose. The plates of the mold were tightened by bolts so that 
no water could leak out at the corners and joints while the blocks 
were setting. Since concrete tends to bleed while setting, which 
results in weaker blocks, the precaution of tightness was absolutely 
necessary. 
The materials used to make the concrete blocks were 500 grams 
regular Portland cement, 1375 grams graded Ottawa sand (white) and 
250 Mililiters liquid (water plus additive). A porcelain clad bow] 
6 inches deep and 12 inches -r;op diameter was usea for mixing. A 
trowel and tamper were useu to place ~h~ concr~t~ :ntu the molds. 
The concrete was mixed by hand, using thick rubber gloves for 
protection. 
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The method of preparation was as follows. l 
(1) 250 mililiters of liquid was placed in the mixing bowl. 
(2) 500 grams of cement was added and mixed for 30 seconds. 
(3) Half of the sand was added and mixed for 30 seconds. 
(4) The rest of the sand was added and mixed until a 
uniform mixture was obtained. 
Half of one mold was filled with this mixture. A tamper was 
used to pack the concrete into the mold. This tamper was a piece 
of hard rubber~ inch x 1 inch x 6 inches. The rest of the concrete 
was then placed in the mold and again tamped to removed air bubbles 
and completely fill the mold. A trowel was used to level off the top. 
After the concrete had partially set, numbers were stamped into the 
blocks. 
After the mold had been filled with concrete, it was covered 
with glass plates which were covered with numerous wet towels. This 
prevented any moisture from evaporating from the surface of the fresh 
concrete. 
Normally, the concrete after setting for 24 hours was sufficiently 
hard and could be removed from the mold and placed in a large galvanized 
iron tub for a definite period of curing. 
The tub was filled with water so that all surfaces of each block were 
submerged. The water was changed twice a week and the blocks remained in this 
condition for a period of 28 days. It takes this long a period of 
"curingu for concrete to reach its maximum strength. After the blocks 
were removed from the curing bath, they were cut into sufficient lengths 
for A) strength tests and B) corrosion tests. 
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~ The portions used for the strength tests were two inch cubes. 
They were cut and tested for their compressive strength values at the 
North American Cement Corporation's plant at Catskill, New York. 
The blocks used for the corrosion tests were 1 inch slabs cut 
from a 12 inch block. 
Strength tests were made only on blocks containing sodium 
methyl siliconate, sodium silicate, and water. 'Ihe following table 
lists all the blocks made with their number compressive strength 
value (where tested) and composition. 
Table #3 
Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Concrete Blocks Made At The 
union College Chemistry Laboratory 
Compressive Strength(PSI) Composition 
5500 Water 
7550 1% Sodium Methyl Siliconate 
5025 1% Sodium Methyl Siliconate 
5125 .9% Sodium ~fethyl Siliconate 
5175 .8% Sodium Methyl Siliconate 
4550 .7% Sodium Methyl Siliconate 
4000 .6% Sodium Methyl Siliconate 
5000 .5% Sodium Methyl Siliconate 
4700 .4% Sodium Methyl Siliconate 
4850 .3% Sodium Methyl Siliconate 
4350 .2% Sodium Methyl Siliconate 
4900 .1% Sodium Methyl Siliconate 
4825 • 57;) Sodium Methyl Siliconate 
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Table #3 Concrete Blocks Made at the 
Union College Chemistry Laboratory 
Number Compressive Strength(PSI) Composition 
14 5000 .7% Sodium Methyl Siliconate 
15 5350 .9% Sodium Methyl Siliconate 
16 4925 1.0% Sodium Methyl Siliconate 
17-1 3975 5% Sodium Methyl Siliconate 
17-2 4000 5% Sodium Methyl Biliconate 
18-1 3275 10% Sodium Methyl Siliconate 
lS-2:. 3625 10% Sodium Methyl Siliconate 
19-1 4875 Water 
19-2 5175 Water 
20 4100 Water 5% Sodium Methyl Siliconate 
21 3775 240 Ml. Liquid 
22 3900 5% Sodium Met.hyl Silicom te 225 Ml. Liquid 
23 4475 5% Sodium Methyl Siliconate 215 Ml. Liquid 
24 2475 10% Sodium Methyl Siliconate 240 Ml. Liquid 
25 33.50 10% Sodium Methyl Siliconate 225 Ml. Liquid 
26 3900 25% Sodium Methyl Siliconate 
250 n. Liquid 
27 4250 10% Sodium Methyl Siliconate 240 Ml. Liquid 
28 3175 10% Sodium Methyl Siliconate 225 Ml. Liquid 
29 3675 15% Sodium Methyl Siliconate 250 Ml. Liquid 
30 3475 15% Sodium Methyl Siliconate 
31 3950 20% Sodium Methyl Siliconate 
32 Talc 5 Grams 
33 Talc 5 Grams 
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* Table #.3 Concrete Blocks ~.ia.de At 'flle Union Colleg~ Chemistry Laboratory 
Number Compressive Strength(PSI) Composition 
34 
35 
36-1 
36-2 
37-1 
37-2 
38 
39 
40 
41 
51-2 
Ludox 4.16 Ml. Bidox f 245.8 ML Water 
Ludox 13.8 1'11. Bidox f. 236.1 NJ.. Water 
1% Phenolic Resin 
1% Phenolic Resin 
5% Phenolic Resin 
5% Phenolic Resin 
Phenolphthalein 
Methyl Red 
.1% Phenolic Resin 
•• 02% Phenolic Resin 
52-2 
10 lvU. Melmac f 12 Gms. NaOH .J. 240 si. 
Water. 
10 ML Melmac /. 10 Gms. NaOH .j. 240 Ml. 
Water • 
50-1 
51-1 
52-1 
53 
54 
55 
56 
57 
58 
59-1 
59-2 
60 
61 
62 
4700 
4725 
4700 
5000 
4825 
5300 
5225 
5050 
4800 
.3050 
3450 
2950 
2650 
2950 
• 9% Sodium Silicate 
.8% Sodium Silicate 
.?% Sodium Silicate 
.6% Sodium Silicate 
.5% Sodium Silicate 
.4% Sodium Silicate 
.3% Sodium Silicate 
.2% Sodium Silicate 
.1% Sodium Silicate 
5% Sodium Silicate 
5% Sodium Silicate 260 Hl. Liquid 
5% Sodium Silicate 275 Ml. Liquid 
5;:o Sodium Silicate 260 Ml. Liquid 
lo% Sodium Silicate 
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DISCUSSION 
It can readily be seen from this table that the addition of 
s9dium methyl siliconate and sodium silicate at percentages greater 
than 5% has definitely reduced the compressive strength of the concrete. 
This means that it would not be feasible to use concrete with these 
additives where high compressive strength is an important factor. If' 
. these additives did show good' properties·~· then"the ... collcl'ete containing 
the additives might be placed on top of regular concrete. This 
possibility is discussed in a later pa.rt. 
Some of the blocks have not been cut and tested yet. Various resins 
were incorporated into the cement. The resins were of two types, A) 
thermo-plastic and B) thermo-setting. Thermo-plastic resins unless in 
very small percentages produced concrete blocks which had practica:J..4r 
no strength. The thermo-setting resins however; produced blocks which 
have every appearance of being strong blocks. 
~ times one can tell by looking at a block, whether it will be 
strong or veey weak. Appearance of voids indicates low strength. 
Difficulty was encountered when Mel.mac resin was added to the water. 
This resin formed a sticky white precipitate upon addition of the slightest 
amount or water. It was discovered however; that the resin was sufficient~ 
soluble in water containing some sodium hydroxide. The resin formed a 
white flocculent precipitate in the dilute base which was not sticky and 
could be incorporated easily into the concrete mixtures. 
The dimetbylol urea resin was on~ partial~ soluble in water. The 
extent of its solubility was about 5 grams per 250 mililiters of water which 
was suitable for blocks number 45 and 46. 
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Pa r t. ITT Acid Tests 
ABS'rRACT 
Blocks containing sodium silicate, sodium methyl 
siliconate and water were placed in solutions of 
hydrochloric, acetic and lactic acids to determine their 
resistance to corrosion. Hydrochloric acid destroyed the 
blocks more than acetic or lactic acids. 
It appears that the addition of sodium methyl 
siliconate or sodium silicate to the concrete has little 
or no protective qualities. 
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NUMBERING OF BLOOKS 
F.e.ch master 12 inch block was cut into a 2 inch cube plus 
seven 1 inch slabs. The cube was tested for compressive strength. 
Since the various slabs would be placed in different acids, a 
numbering system for the slabs was necessary, which would not be 
destroyed by the action of the acids. Ea.ch master block had a number, 
therefore, each slab had to contain the number of the master block 
plus a letter to differentiate between different slabs. So as an 
example, block number 11 was divided into 7 slabs. The slabs would 
contain numbers llA, llB, llC etc. 
The onl1' we:y to make the numbers permanent, was to drill holes 
in the slabs at certain positions and assign numbers and letters to 
these holes. Three views of a typical slab are shown in figure s. 
First a hole was drilled in the top of the slab at point o. 
(see top view) To read the number, this i:art of the slab faced the 
reader. If the block was the A slab, no further holes were drilled 
in the top. If the slab was the B, C, D, etc. slab, a hole was 
drilled in the appropriate place in the top. If' the slab was the 
G slab, both the G hole and the F hole were drilled. This avoided 
confusion since the two holes were so close together. (see top view) 
Next, the number of the master block had to be attached to each 
slab. It was assumed that no number would have more than two 
digits, therefore sides I and II were devoted to the first digit 
of the number and sides III and IV were devoted to the second digit. 
Sides I and III were divided into 6 areas. 
.. 
/oP \/JeW S1nf \JJEW 
·B .J.li. • c. 3 s 
'\T ·G-·f 9 
0 • 
51f;, 8 
35A 
(see side view) A hole in any one of the areas, indicated a 
number 1 through 6. Sides II and IV were divided into four areas. 
A hole in the proper area meant a number from 7 through 9 and O. 
If a block belonged to a -2 series such as block number 17-2, 
one hole was drilled in the middle of the bottom of the slab. 
A block having the number llC would have the following holes. 
One hole in the top at position O, and another in the corner at 
position C. Side I would be drilled at area 1 as would be side III. 
A block having the number 17-2 D would have holes in the 
following places. One hole in the top at position O, and another 
in the corner at position D. The bottom would have one hole drilled 
in the middle. Side I would have a hole drilled in the 1 area and 
side IV would have a hole drilled in the 7 area. The key to reading 
the numbers on the blocks and to keep from becomeing confused, is 
to remember that the hole drilled at position 0 is always next to 
side I. 
A quarter inch cement drill was used to make all holes. 
The numbered concrete slabs were first placed in an oven at 
100° C for a few hours until the blocks obtained a constant weight. 
400 ~li.liliter beakers were used to hold the blocks while they were 
completely submerged in acid. Two pieces of a stirring rod were 
placed in the bottom of each beaker. This allowed the acid to 
attack the bottom as well as the top and sides of the slab. The 
slab was placed in the beaker on the pieces of broken sirring rod. 
150 mililiters of acid were then poured into the beaker, and a 
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watchglass placed over the beaker, to keep out dirt and dust. 
The block remained in the acid for 24 hours. After this time, 
it was taken out of the acie, washed with water, scrubbed with a small 
brush and placed in an oven e.D 1000 C for 24 hours. After the 
block had cooled, it was again brushed before being weighed. 
After the weighing it was placed in the beaker. Fresh acid 
was then added to the beaker and allowed to remain for another 
period of time. All blocks tested in this manner adhered to 
the following schedule: 
L, Submerge& in acid for 24 hours then scrubbed, dried 
scrubbed and weighed. 
2. Submerged in acid for 72 hours then scrubbed, dried 
scrubbed and weighed. 
3. Submerged in acid for 7 days then scrubbed, dried scrubbed 
and weighed. 
4. Submerged in acid for 10 dqs then scrubbed, dried 
scrubbed and weighed. 
The initial weight and the weights atter each period 
were recorded so that a graph of percent change in weight 
versus time could be made. 
One sample table will be given to show how the weights 
were recorded& The other loss of weight data will appear in the 
form of graphs. 
.. Table #4 Loss of Weight of Blacks in 1% Acids 
Initial Final Change in % Change No. Composition 1% Acid Weight Weight Weight in Weight 
-24 hours- 
19-lA H2o HCl 117.2 111.l 6 .. 1 5.22 
19-lB H2o Hae 120.s ua.s 2.0 1.66 
19-lC H20 Lac ll9o7 117.S 1.9 1.59 
-72 hours- 
19-lA H2o HCl 117.2 103.9 13.3 11.35 
19-lB H20 Hae 120.a ll5~3 5.6 4,.64 
19-lC H20 Lac ' .. ~119.7 115.7 4.0 3,34 
-10 days- 
19-lA H20 HCl 117.2 98.6 18.6 15.90 
19-lB H20 Hae 120.8 ll2 .. 9 7.9 6.55 
19,..1c H20 Lac 119.7 115.2 4.5 3,77 
-20 days- 
19~1.A H20 HCl 117.2 91.4 25.8 22.00 
19-lB H20 Hae 120.8 169.2 ll.6 9.90 
19-lC H20 Lac 11907 11.3 • .3 6.4 5.35 
39 
SODIUM METHYL SILICONATE SLABS-1% Acids 
Figure 9, on page 40, shows graphically the effect of 1% 
acids upon slabs containing large percentages of sodium methyl 
siliconate. The additive decreases the resistance of the concrete to 
acid by as much as 8%, as was shown in part II, the compressive strength 
of these blocks was inferior to that of blocks containing no additives. 
Also the resistance to corrosion is inferior to blocks containing no 
additives. 
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SODIUM METHYL SILICONA~ SLABS 
The effect of 2% acids upon slabs containing various 
percentages of sodium methyl siliconate is shown in figure 10 
on page 42. Some of the slabs offer aome protection to corrosion. 
The amount of protection offered is of no practical value. 
Figure 11 on page 43 shows graphically the effect of .5% acids 
on slabs containing various amounts of the additive. 'Ihere is very little 
protection if any, offered by the sodium methyl siliconate. 
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SODIUM :METHYL SILICONATE SLABS -1% ACIDS 
Blocks containing 5% sodium methyl siliconate were 
of less than normal consistancy when being mixed. 'I'he ae 
blocks did not need 250 mililiter of liquid to make a 
normal mixture, so various amounts of liquid were added. 
The effect of acids, upon slabs containing various amounts of 
5% sodium methyl siliconate solution, is shown in figure 
12 on page 45. Slabs which have the greatest compressive 
strength also show the m~st resistance to corrosion 
from acids. In most cases the additive offers no 
protection from corrosion. 
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SODIUM SILICATE SLABS-.5% AND 1% ACIDS 
Figure 13 on page 47 shows the effect of .5% acids upon slabs 
containing sodium silicate. The additive shows Slight protective 
qualities. The addition of this additive however, does not show 
sufficient protection to be used co:rrnnercially. 
The mixtures of cencrete containing sodium silicate were very dry 
before being placed into the molds. Various amounts of liquid were 
added to the mixtures to obtain concrete with a normal consistancy. 
Figure 14 on page 48 shows the effect of acids upon slabs containing 
different amounts of 5% solutions of sodium silicate. The increased 
amount of liquid decreased the compressive strength of the blocks 
but had little or no effect upon the resistance of the slabs to 
corrosion from the acids* 
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DISCUSSION 
The graphs on the foregoing pages indicate that sodium 
methyl siliconate into concrete, offer little or no resistance 
to corrosion from acids. 
Blocks which had high compressive strength values also 
showed greater resistance to corrosion. Apparently, the 
additives not only hinder the crystallizations of the aluminates, 
silicates, etc., but also render the blocks less resistant to 
the action of hydrochloric, acetic and lactic acids. 
Pert IV ADDITIVES COATED ON CONCRE'I'E SLABS 
DISCUSSION 
Since the additives incorporated with the concrete did not 
exhibit satisfactory corrosion resistance, it was thought that 
slabs which were painted with or immersed in an additive might show 
acid resistance properties. Slabs were coated with sodium methyl 
siliconate and given the acid test. Even the coating of the siliconate 
did not offer sufficient resistance to corrosion. If the sodium 
Methyl siliconate did resist the action of the acid, it was not 
apparent for the coating was probably brushed off after the first 
scrubbing. 
SOOLe slabs made from a regular mixture containing no additives 
were painted with shellac, varnish and collodion. When given the 
acid test, these slabs showed good acid resistance. The slab which 
I was coated with varnish was attacked the greatest by the hydrochloric 
acid. The acid was able to penetrate the surface and form pits from 
which the corrosion could spread. Acid was able to penetrate the 
collodion membrane and cause corrosion beneath the protective "skin". 
The collodion did not adhere toowell to the surface of the concrete 
and pealed off easily leaving the unprotected concrete to the action 
of the acid. Shellac appears to be a good protective agent against 
corrosion. Corrosion appeared .mainly at the corners where the shellac 
was very thin or where the corners had been broken off, leaving 
unprotected concrete. The acid was also able to seep through portions 
of the coating to form pits in the slab. The seepage Occured at 
places where the protective coating wae rather thin~ 
c::i1 
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CONCRETE SLABS COATED w'ITH ADDITIVES 
Slabs eontaining sodium methyl siliconate and slabs containing 
sodium silicate were painted with, and immersed in sodium methyl 
siliconate. 
The effect of 1% hydrochloric acid upon these al.abs is shown 
in figure 15 on page 5?. These coatings offer very- little resistance 
to corrosion. 
Other slabs (see figure 15 also) which were coated with varnish, 
shellac and collodion show much more resistance. The slab coated with 
varnish appears to be very- resistant to the action of hydrochloric 
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'I'he ,Joini11r:- of Cnnf"!rete B1 oe'rn 
Discuss ir·.., 
If a concrete contntn·n,,. an PC!ditivs ,...h0weri rrood 
corrosion resi:=itance, bu t if8c: too P:n•ns·ivP to U'1A in 
(}'Y>ee_t quantities, it uould be ll"C·r'l a= 8.. cover-Lnz • The 
concrete c on t.aLn.i ng the ac'frJ~tivo <"0"ld be joined to 0 
beJie of' rerru La r- concrete. The 'Jrobl8m that Lmmed La tel v 
concretes? 
)everal vertical wood en no Lo s we r-e made 211x ?11 x 1011• 
These were coate<'1 vitr upx on the inside 8Yld rnnde vraternroof. 
bottom of' thr::; mo Ld and al lonei to har-de n t'o r- 01, hour s . 
Thf'.m c onc r-e t.e c orrt.s t n l nc thn Enriitive was » l ac ed on t.o o 
tr8nsverse b.,.ea~inr:- tPst. The~A tests have not been ~iVPn 
yet, but the b]ocks anr'l thAir comnositions w111 be "1ven. 
No. 
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44 
45 
46 
47& 4P 
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Oormo s ' tkin of DR rt cont a in., n= P dd ·ii" i ve 
R8P'.U la.r ~.axture 
::ieo.:nlar iVij_xtnre 
Reo-ular Mixture 
25CimJ. 1 i '1u·i d ccn1taininil' 5 p:ms Din1ethvlol PrPa 
250nl. li,..nid cn,,t"ininR" S ""ms D4"Pot'1rlol Ur0::. 
Water ComDatibl0 Phe~oli0 Resin 12.SMl in 2SOml r1~ui 
Tbis mixtu~e ata not A0t. 
lfolmPC ;'~480 10rn1, NeOB JOo·IT]s, t.:r20 ?40 Ml 
Me Lma e 1/:480 ro-n , NeOH 1or--rr1, H<O 240ml 
.. 54. 
BIBLIOGRAPHY 
(1) A. s. T. M. Standards on Cement; The American Society For Testing 
Materials; Philadelphia, Pa. 1952 P 122 
(2) Bogue, R.H. 11The Ctiem.istry of Portland Cement" Reinhold Publishing 
Corporation New York, New York 1947 P 357 
(3) ibid p 359 
(4) ibid p 368 
(5) Brown, Owen; Thesis, Department of Chemistry, Union College SchenecUidy 
New York 1950 
(6) ibid p 12 
(7) Le Chatelier, H. Gompt. rend.112!:t.13 (1881) 
Trans. Faraday Soc.~ 9 (1919) 
(8) Meyer, H.; Baumaterialienkunde, f:., 141; 159; 181; 212; 232; 248; 
293; 309; 326; 347; 368; (1901) 
1, 75; 111; 140; 156 (1902) 
(9) Michaelis, s., Tonind Ztg., !2,, 105 (1892) 
Chem. Ztg., 982 (1893) 
Bawnaterial, !l, 333; 352; 366; 311; (1906) 
Jo Soc. Chem. Indo, ~' 836 (1909) 
